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£SSIGNMENT

Taken from Contract No, Dhi-Ll=-109-QM-6L dated November 28, 19L9.
l. Condvct a series of fundamental studies on the rein-
forcement of rubber by the treatment of currently available rubber
carbon blacks and other reinforcineg pigments to make them compat-
ible with silicone-type polymers.

‘ 2. The selection and development of a catalytic condegs-
ing comn-gition that will work on the pigment-reinforced system
referred to in (1) above.

3s Modification of the fundamental characteristics of
the present polymer 20 as to produce greater chain length and the
modified cross linkases necessary.for greater strength,

Taken from Modification "C", dated October L, 1950

L. Pursue new developments on the liquefaction of silicone
rubbers by the use of anhydrous acids and their repolymerization
after adding fillers,

Se Obtain improved polymers of silicone, particularly
by the utilization of the hydrolysis of the alkylchlorosilanes
with a combinetion of water and alcohols of varions types,

6. Study new methods of cross-linking to produce better
silicone polymers,

7. Continue the study, development and test of methods
to improve the reinforcement of silicone rubber and the polymer

itself to obtain desired low-tomperature characteristics,




ALSSIGNMENT (Conte)

Taken from Modification M"E", dated September 21, 1951

8« Study extensively methods of silicone vulcanization,
including types of vulcanizing arents. (Such methods as precondie
tioning of uncured stocks bocsted up the tensile strength and ul-
timate elongation.) Vulcanizing arents, other than Pboz, should be
investigated,

9. Investigation, in detall, surface effects of pigments
with particular emphasis on pH relation to physical properties.
(Llon,'for example, pives the best reinforcement when it is acidic
with a narrow ranre of pH around 5.4 . Other pigments should be
investigated,)

10+ Introduce reactive groups at high temperatures in air
and in presence of chemical oxidizers such as chromates, perman-
ganates, etc,

11. Follow any practical and spscial anpnlications which
show promise, growing out of the contract, at least to the point
of proving whether they are of value or not. (/s an example, one
of thc special avbplications develooed in the present contract is
the use of armonia=-stabilized, depolymerized, flox-rcsistant
silicone adhesive in diaphrarmms for diffusion apparatus for atomic

work. )




SUMMARY

1. The following pigments'were tested for reinforcing
properties in General Electric SE-76: Celite 270, Cellite
Superfloss, a special alumina aerogel (Monsanto), Monsanto
Siliea N, Syton SPR 5435, Santocel K233F and Burgess Iceberg
(caleined aluminum silicate). Of these pigments, Celite 270,
Celite Superfloss and Burgess Iceberg had moderate reinforcing
proverties and would be useful as diluents in conventional
silicone rubber campounds. The others had no outstanding
properties.

2. It was demonstrated that by heating SE-76 silicone

gum at 300° and LBO°F. that 8 and 17 percent, respectively,

of the polymer is distilled off. This results in slightly
diminished tensile, considerable loss in elongation and
corresponding increase in hardness when the residual rubber

is compounded. It would appear that in the usual long oven
cure some of the volatile silicones &are removed by distillation.
3. The €fect of a variation in molecular weight of silicone
rubber from approximately L0O0,000 to 800,000 when this rubber
is compounded with Santocel C and benzoyl peroxide appears

to be smmalles The lower molecular welght rubber is much more
easily handled on the mill in that it bands on ths rolls

easier with less tendency to fall apart.

xi




L. With recipes containing benzoyl peroxide, carrying out
the press curing operation at 200 or 210°F. for 10 minutes
resulted in a slicht improvement in the physical properties

of the recipes after oven curing. A 10-minute cure at 210°F.
is the reco;mended press cure.

5. Preheating a carbon black, silicone rubber master

batch for 16 hours at LOO®F. before adding the curing agent
had the result of improving the physical tests when tertiary
butyl perbenzoate was used as a curing agent. The results
were not high, (tensile 250 p.s.i.) indicating that carbon black
does not reinforce silicone rubber appreciably.

6. Similar preheating experiments with a special titenium
dioxide (Titanox MP-561-6) had no noticeable effect. This
pigment had a2 moderate reinforcing effect.

Te An attempt was made to secure high-temperature
stability ﬁith Du Pont GS199S Silica-reinforced compounds

by introducing benxoyl peroxide as an additional curing

agent. These compounds overcured at L80°F. as usual, becoming
brittle. Cocmpounds conteining no benzoyl peroxide were )
slightly more heat-rcsistant than those containing benzoyl
percxids.

8. There was no improvement in the above compounds as a
result of using 210°F. as a press curing temperature instead of

higher temperatures.




9. With a low-molecular-weight silicore ngber, oven
curing at 300°F. failed to effect the optimum cure in 96
hours when 25 percent GS199S Silica was used. At LOO°F.,
the optimum cure was approximately 6 hours, and at L50°F.
the optimum was less than 1 hour. Good low-compression-get
values were not reached before 24 hours at LO0°F., at which
time the elongation had dropped to 100 percent,

10. Experiments were conducted to study the effect of
variation of molecular weight on t he physical properties
obtained with (3199S Silica as the sole curing agent,

There is a definite improvement in the tensile strength when
gum of a molecular weight above 60Q,000 is used. There is not
much effect on elongaticn and there is only a slight effect
on'the stiffness or modulus. The large increasse in tensile
occurs at the end of the stress-gtrain curve and may attain
a value which is double the tensile value for gums of half
the molecular weight,

11. Special samples of GS199S Silica with smaller
amounts of organic coating proved to have no outstanding
properties. In the absence of coating, only 10 volumes of
GS Silica could be incorporated in the rubber,

12, 6S199S Silica, dried over a desiccant, appeered to
have sliehtly increased reinforeing action and slightly

i{mrroved high-temperature-curing resistance.

xiii
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13. 031998 Silica with the coating removed by heating
in air, had very inferior reinforcing and curing action.
When the coating was removed 13; heating in a vacoum, the
loss in weight was only U percent, and the pigment lost no
curing activity and showed a slight improvement in resistance
to high-temperature cure, W!;en the 051998 Silica concentration
was reduced to 10 percent, compounds withsteod curing at LB0°F,
for 16 hours. This is a means of controlling curing activity
of the silica, but the reinforcing action was greatly reduced,
especially in low-molecular-weight gum.
1. It was found possible to create resistance to high-
temperature curing (24 hours at LOO° + 9 hours at L8OPF.)
by remilling or freshening the mixed batches three times on
successive days. By this means, one 25~-volume compound was
pfoduced which had the following properties:

, Tensile 800, Elongation 375, Hardness 75
This was obtained with a low-molecular-weight gume. The
addition of a preheating step to the remilling operation
had no beneficiel effect,
15, Special press curing techniques such as removing the
slab from the mold while hot had no beneficiael effect on the
high-temperature-curing properties. - Confining the 631993
Silica compound in 2 mold during oven curing had no beneficial
effects In the case of a benzoyl peroxide recips, curing in a
mold in the oven depolymerized the stock.




B e

F TR M N e T R T RS I PR

16. Silicone oil, glycerocl-stabilized, depolymerized
silicone gum and seven commercial plasticisers, of which
tricresyl phosphate is an example, had no beneficial

effect on high-temperature resistance.

17. Soaking cured slabs in a benzene solution of silicone
oils or silicone gum did not serve to plasticize brittle
cven-cured slabs.

18. Free radical inhibitors such as sodium nitrite,
quinoline, sulfur, diphenyl amine, and stearic and benzoic
acids in one percent ouantities did not improve brittleness
caused by high-temperature curing.

19. Mixtures of GS199S Silica with Santocel C and with
Alon did not result :I.n_s tocks which wers free from brittleness
when cured at high temperatures. |

20. A study of the polymerization or vulcanization of
hexamethyldisiloxane by heating with chlorobenzoyl peroxide
indicated that 28 percent of the peroxide was transformed
into chlorobenzolc acid with the formation of polymeric
molecules. The balance of the peroxide appears to substitute
on the methyl side cheins partly as phenyl and partly as
benzoyl groups. Only 16 percent of the hexamethyldisiloxane
was polymerized,

21. Mreot analysis of cured slabs of silicone rubber
showed only 4 to 10 percent of the benmayl peroxide ending up

in the form of benzoic acid. Over 75 percent of the benzoyl

e e oo e - e e
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peroxide is decomposed with a S-minute rise to 212° plus

10 minutes at 212°F., or with a 10-minute rise to 230°
plus S minutes at 230°F. There would appear to be no
reason for press cures longer than those indicated above,
nor for benzoyl peroxide concentrations higher than 2
percent (unless d¢ne is dealing with very low-molecular-

welght silicone, such as an oil),




RECGRRIBNDATIONS

le It is recammended that the Government continue to
encourage and support investigations concerned with the reinforce-
ment of silicone rubber, with particular emphasis on further
evaluation of DuPont GS Silioca.

2+ Since the subject contract is completed, it is recom=-
mended that the Company continue studies of pigment-reinforcement
and vulcanization of siliconc rubber because it is probable that
further research will eventually result in further improvements
in silicone compounds with respect to strength and rubberiness,
Such improvements will bring with them improved tear and abrasione
resistance, and these, together with the well-known heat and
coldw=resistance of the polymer, will make the siliconce sereralfold

more useful in the future,

xvii
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. 1.
IN TRODUC TIQM

The testing of new pigments for silicome rubber has been con-
tinued in this period. No new ocutstanding pigments were uncevered
during the veriod covered by this report.

Further study of the effect of the temperature of press curing
has been made. Since primary cross linkins occurs in this short inter- =
val, the temnerature and time of press curing ere important variables
which should be carefully controlled.

The behavior of SE-76 polymer upon heating has been studied to
see 1f low=molecular-weight products cause low tensile ;trennth in
(08199S Silica recipes. The effect of the molecular weight of the
polymer on the physical properties obtained with Santocel-C reinforced
or (51998 Silica reinforced stocks has been studied.

Since a major problem in the use of 3519938 Silica has been
a lack of stability at 3004;80°F., many attempts have been made, reported
herein, tc find 2 combination which would withstand high-temperature
curing and aging. Variation in press curing time and temperature,
variation in oven curing time and tempewatuwr:, preheating the gum,
preheating the pigment, remillineg the mixed comnound, plasticizing the
comoound, reduction of the degree of coating on the piament, curing
in a mold instead of in an oven, and other variations of procedure have
been tried in an attempt to achieve high~temperature stability. All
of these studies are reported in this report (No. 13),.

Further studies of the mechanism of vulcanization by per-
oxides have been conducted. It is apnarent that the primary reaction

is a simpls metathesis occurring between a dissolved benzoyl
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2.
peroxide molecule and %o adjacent methyl side chains:
2 35.-CHy + (CgHgCO0),

» TSi-CHyCHp-812 + 2C gHgCOCH

8ide reactions occur in which ben:oyi or phenyl groups replace hydrogen.
Substitations, or other side reactions, occur to a greater extent as
the benzoyl peroxide concentration is increased, thus decreasing the
efficliency of the curing acent.

Special aftention is called to the rate of cure studies of
GS199S-cured recipes in Figure II-A-3. It was found that the low-
molecular weight gum Batch 11317 couldbe cured practically indef=-
initely in an oven at 300° F. (up to 90 hours) without the develop-
ment of excessive stiffness or brittleness. At LOO° P., however,
equivalent results are obtained only with a very short cure in the
oven (four to ten hours) because beyond this period an excessive

oross linking action occurs resulting in very stiff, low-elongation

compounds. As noted elsewhere in this report, at L480° F, the
stiffening or embrittling reaction is much more rapid.

The final date of the contract was October 6, 1952, Exper-
imental work was continued up to and even beyond this date in an effort
to seek some elusive answers, especially with reference to hich-

temperature curing with GS 1998 Silica. This and the Final Summary

Report are therefore being written after the termination of the contract,
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PROGRAM

This contract has extended over a period of three years, and

the detailed experimental program has chaneged (with the approval of

Dr. Juan Montermoso and others of the Office of the Quartermaster

General) several times as the work has progressed, The most recent

program has been as follows:

1.

2,

3.

lie

Se

Te

Continue compounding experiments with new niements as
reinforcing apgents for SE-76 rubber.

Heat SE=76 polymer and determine if improved reinforcemént
is obtained.

Determine molecular weights of all samvles of SE-76 and
compare the tensiles obtainable with GS51998 Silica with
the molecular weirht of the polymer,

Make a further study of the effect of press curing temperature
on the physical properties obtained when curing with
bénzoyl peroxide,

Try the "preheating" technique with Micronex and

finely divided Titanium Dioxides to see if improved

curing char-cteristics will result,

Vary the press curing temperature and oven curing time

and temperature to see if there is some s-t of conditions
which will give improved high-temperature resistance to
GS19$S Silica compounds in SE-76 rubber.

Test GS Silica samples with varying decress of coating,

PR e et .



8.

9

10,

11.

12.

13.

Lo
PROGRAM (cg:t.)

Heat (8199S Silica to remove or destroy the coating

and evaluate the hested piements,

Study the effect of remilling GS1998 Silica comnounds

to see if high-temperature curing results are improveds
Study the nlasticizing action of several plasticizers in
GS199S Silica compounds to see if high-temperature curing
properties are improved,

Vulcanize hexamethyldisiloxane with p-chlorobenzoyl
peroxide, Isolate fractions of increased molecular
weight. Analyze products to find disposition of the
p~chlorobenzoyl peroxide.

Measure the rate of decomposition of benzoyl peroxide
during press curing snd the rate of appearance of benzoic
acid,

Write Quarterly Report No., 13
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: TABLE I-A-1
Bg -—B-I:—...._...._
Evaluation of Celite Pigments
Tensile
Compound Vol.% of Strength Elongation Hardness st.e@ St.e
No. Pigmont Pigment P:8.i, Percent Shore A  200% LooZ
2325 Celite 270 15 272 150 32 —— ~—
‘! {fine)
2325-1 ' 25 L7 162 L7 o e
2325-2 Lo 532 100 62 - I
2307 Celite 15 229 250 28 180 .
Super{loss
| 2307-1 25 327 283 39 225 ---
2307-2 LG hi7 162 €0 —_— e
TABLE I-A-2
Celite Pigments as Diluents for Santocel C
Tensile
Compound Vol.% of Strength Clongaticn YHardness St,.® St.®
No, Pirment Pigment =~ p.s.i.  Percent Shore A_ 2002  Lo0o%
2309 Santocel 15 818 275 L3 500 —_—
(Control)
2309-1 Plus 20% 15 807 262 50 550 P
Calite
Superfloss
2309-2 Plus 40% 15 é0L 200 5l Aol el
Celite
Superfloss
2309-3 Plue 20% 15 636 200 ;8 600 ——
Celite 270
2309-4 Plus G2 15 539 212 €3 515 —
Celite 270
Footnotas:

(1) Ca2neral Rlactric SE-76 siliconc gum used, with 2.0% benzoyl peroxiie
as curing agent,

(¢} Pross Curc 15 minutes at 23¢0r,

(3) Oven Cure 1 hour at 300°F,
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5.

I. REINFORCE.FNT 07 SILICONE RUBBER.

New Pizment:s in General Electric SE-76 Gun,

1. Evzluation of Celite Pigments.

Celite 270 is a svecial finz grind of diatomacecus earth pig-
rent sunplied by the Johne-lanville Company, Its properties in
conpounding at warious loadings are given in Table I-i-1 ond are
corparad with'Celite Superfloss which has b=2en evaluated earlier.
Reinforcement is greater with tne 270 at similar volume loadings,
and this pignent resembles Santocel C in producing a higher tensile,
lower elongation and harder stock, ts price of $.06 per pound
is considerably less than that of “antocel C, It cdoes not have
outstanding reinforcing preperties, but cculd be used as an extender
or diluent. It 1ls raid to be far better than Santoczi 7 for
water rc;sistance of its silicone compounds.

2. Celite Pipments as Diluants for Santacel C,.

Superfloss is recommended as an additive to increcasz the
duromater of General Rlectric 3I-L450 stock, Tals is o Santocel C
stock, sc it was of interest to compare th» <iluting effects of
Celite Superfloss and the new 270, Data given in Tahle JT-1-2
indicate that ad<ition of Telite 270 or .luvperfloss t. a 15 volime
Santocel.C compound can be made satisfacturily .p to 4O per cent
by weight »ith & duroneter increase of only 10 points., This fine
Frind Jlatcmacaous earth is practically as gend a diluvant as the
standard “uperfloss, which ie the standard pisment for this purpose,

3. sluninum Oxid= /erogel,

The ‘onsanto ‘hemical Company supplied us with a small sample




of experimental alumina aerog2l for evaluation. This alumina
aerogel was similar in appearance and structure to the silica
aerogel "Aerosil" which was tested earlier and was presimably
made from an aluminum hydroxide gzel by the Kistler process. It
wag a ncarly pure alumina of low density and wvery high porosity,
g0 that it would break up easily on the mill to produce finely-
divided, porous materigl. It differs from the finely-diviced
alumina Alon in that .illon consists cf fine, non-porous particles.

A compariscon of this alumina aerogel with Alon is shown in
Table I-/=3. DBoth compounds wer= prehcated 1 hour at 300°T,
before acdition of peroxide anc curing in accordance with our
previous experience. During thé preneating, the alumina aerogel
compound lost 5.5 per cent and the Alon 5.3 per cent in weight,
indicating equivalent evaporation of low molecular -reizht polymer.
The alumina aerogel batch cured satisfactorily, but gave a harduess
of only 30‘with a tensile strength of 186 p.s.i. Since this pie-
ment is Lighly porous, one would expect greater absorption of
polymer with a higher hardness, similar to Cantocel, ilowever,
tals was not the case, and it is protable that *he al'mina was nct
recduced to a2 sufficiently small perticle size on the mill, In
view of tha excellent reinforcins propertics of .lon, it would be
of intersst to do further work with porous alumina of this type
when it is available,

L. lonsanto Silica Pi-ments.

Table-IwiA-l gives data on four experimental silica pigmants
supplied by the donsanto Chemical Company during tals period.

6.
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ba TABLE I-A-3
Evaluation of Alumina Aercgel Pigment
Tensile ., , 3
Compd., Vol.% of Strength Elongation Hardness St,@  St.@
No, Pigment Pioment  p.s.i. Percent Shore A  200% Lhoo$
22713 Alumina 15 186 788 39 87 12)
Aerogel :
227L Alon (52 15 35k 700 L2 160 265
(Control) .
Footnotes:

(1) Gen.Elec. SE-76 silicone gum used, with 3,0% benzoyl peroxide as curing agent.,
(2) Press cure 15 minutes at 230°F.
(3) Oven cure 1 hour at 300°F,
(L) Batches preheated 1 hour at 300°F, bafore addition of peroxide and curing,
(5) Weight loss of 2273 during preheat = 5,5 per cent,
" noon 227h n n = 5.3 n n

TABLE I-A-l
Evaluation of Monsanto Silica Pigments

Tensile
Compd. Strength Elong. Hard. St.@ St.@
No. Pigment Vol.Z Oven Cure psS.i, Percent Suore A 200% LOO#
2375 Silica N 10 1 hre @ 300°F. 56  70u . PR
2, hrs. @ LOo"F, No Cure
2375-1 20 1 hr. @ 300°F, No Cure
24 hrs. @ L4OO°F. No Cure
2376 Syton SPR 10 1l nr, @ 300°F, L1 750 L S
5453 2y hrs, @ LOO®F, No Cure
2376-1 20 1 hr. @ 300°F, 53 763 11 oty e
2L hrs. @ LOOCF, No Cure
2421 Santocel 20 1 hr, @ 300°F., &4 100 38 o S
K233F y
2422 I-P-3 29 1 hr, © 300°F. 83 300 23 = Py
Footnotes:

{1) Gen.Zles. JE-76 silicone gum us~d, with 2,0% benzoyl poroxide as curing agent.
(2) Press cure of 15 minutes at 230°F.; oven cure as indicated,

TADIE I-aeb

Evaluation cf Burgess Iccberg ligicnt at Varying Cures
T2nsile

Compd, Tt ¥ Strength Elong. Hard, 5t,? St.2
N>, Pirrent  Pigment Oven Curc  peS.is.  Percent Shore A 2003 40C%
235¢ (i) Iceberg & 3 brs. € 2CO°F, 398 213 39 392 aee
(B) 16 nrs. @ LOOCF, 389 150 L2 U
(c) 16 hrs. @ LOC°F, 478 113 57 s Sy

+ 16 hre, ™~ 4S0°F,

Footnotea:
(1) GeneElec. SE-76 gum used, with 2,0% benzoyl pernxide as curing sgent,
(2) Press cure 15 minutes at 230°F.; cven cure as indicated, _
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1.
Propertics and composition of these silicas-were not available;
however; 8 few tests were made on them to show that they are very
fine nun-porous silicas without organic coating material on their
surface.

Silica N showed cure-inhibiting properties a2t 10 volumes, and
no cure was obtained at 20 volumes at either 300° or LOOOF., curing,
Syton SPR shows similar cure-inkibiting properties which are more
pronounced at L0OOF, It is probable that these silicas are too
acidic and, therefore, exert a depcl;merizing action on the polymer,
in addition to catalyzing the decorposition of peroxide, The
very low durometers obtainsd indicate also that their nartlcle
size is not sufficiently small for reinforcing proverties,

€ilica K-233F is of the Santocel type, but does not show an
appreciabie degree of reinforcement. The same is true of sample
I-P-3,

5. Burgess Iceberg Pigment.

Burgess Iceberg pigment, a calcined aluninum silicate, was
previously fownd to show moderate reinforcement with SZ-76 at
high volume loadings. There was indication that thir pigment might
have good high temperature properties, and additional tests were
rade to check thls. Data in Table I-/=5 show that the durometer
of a typical stock increased 18 points upon curing at L80°F.,
indicating that this pigment does not impart the expected hiech
temperature statility,

Treatment and Veriation of Siiicone Polymer.

In our previcus quarterly report it was noted that different
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lots of SE-76 as received from the General Klectrie Company
appeared to be of varying viscosities. We found by actual
viscosity measure and molecular welght determination that this
was the case, and that average molecular weights of the different
batches of gum varied from 400,000 to 800,000, The batches
produced more recently have the lower molecular weightg,

In checking the effect of molecular welght on physical
properties of typical stocks, we determined also the stability
of each to high temperature curing. In addition, the presently
available polymer was heat-treated before compounding.
le Heating SE=-76 Polymer.

One of the objectives in our compounding program is to
iﬁprove the high temperature stability of silicone rubber stocks,
We know that extensive curing_at LOO°F. or higher stiffens the
compounds, and that some recipes are more Susgeptible to change
than aothers. This is especlally true of the GS Silica compounds,
which become brittle at LOO°F. or higher.,

It is possible that this effect 1s due to volatilization of
the low molecular welght fraction from the polymer. In order to
check this idea , standard recipes were cured with SE=-76 which had
been prehested to remove this fraction of the polymer first,

Table I-B-1 shows that heating the new lower molecular weight
SE~-76 (Batch 11317) (moleculer weight approximately 1430,000) at
300°F, results in a loss of 8.5 peroent of volatile material, while
the loss is 17.5 percent at LBO°F, Stocks made with Santocel ¢
and a atandard benzoyl peroxide cure, using the SE-76 as received

showed a greater change in elongation modulus and hardness between
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9.

the 1 hour at 300°PF. and the 16 or 24 hours at LOO®F. cures than
the comparable stocks made with gum that had been preheated at
300°F. or LB8G°F. Better elongation‘éld tensile and lower hardness
are obtained with the original unheated gum but better stability is
obtained with the heated gum. This indicates that the fraction of
the polymer responsible for poor heat stability of conventional
compounds may be removed by heating, and that it goenstitutes from
8 to 17 percené of the entire polymer.

Table I-B-2 is a similar experiment, using GS199S Silica as
the reinforcing pigment and curing agent. It is evident here with
compound numbers 2229 and 226l that the SE~76 preheated at 300°F. to
8 percent weight loss is no morc stable in the 300°F. curing range
than the original polymer. Numbers 2269~2 and 229, which were taken
up to LBO°F., show definitcly that this treatment will not prevent
brittleness of GS Silica stocks in this range. There is great
instability due to the pigment itself when cures are carried out
at LOO°F. or LBO°F,

2. SE-76 of Varying Molecular Weight Curcd with Peroxide,.

Because of the difference botween various hatches of SE-T76
siloxane polymer, it was of intercst to determine whether their
average molecular weight varied greaﬁi;: This was done in a sepsrate
series of experiments, described in the note below:

(a) Note on Moleculer Weight of Silicone Polymcrs

Molecular weights of the verious batches of SE-76 polymer
were determined from viscosity data of dilute solutions using the
method used by Flory et al {*).

Dilute solutions of each polymer werc made at severzl

{1) Flery,P.J. et al J.am.Chem.Soc., 7L, 3364 (1952)




9a
concentrations in methyl ethyl ketone. Their viscosity was
detemmined at 26°C., using a standard Ostwald viscometer, and =
values for  MEK, 26°C were detemmined for finfinite dilution
by axtr'apolatiom
These data were then #pplied to the Staudinger equations
L) =me (1)

where M 1s the molecular welght, and K and a are constants for a

8lven polymer - solvent system at one temperature,

In order to find the values of these constants, the data
of Flory et a.l (1) were uscd. Flory detemmined the limiting
viscosity, ., 1 MEX, v:alues for polydimethylsiloxane fractions
of known osmometrie molccular weights at 20° and 30°C. in

methyl ethyl ketone. From a Plot of eq.(1) in the form:

log(%) = log K + a log M “(2)
the constants X and a were determined for 20° and 30°C,
Flory's data for(})MEK at 20° and 3°C. were replotted
using the Avhenius ecquation:
(7) =ae- B/t (3)
to obtain values of { 3} at 26°C. for the fractians of known
osmometric molecular weight, A third plot of equation (2)was
then made to give constants K and a at 26°C, Values of M from
our data at 26°C. could then either be read off the plot or
calculated with the 26° constante,
Valuzs for the Staudirger eouation constants for

polydimethyl siloxane in methyl ethyl ketons are as followss

(1) Flory,P.J. et al J.Am.Chem.Soc. 4,336k (1952)
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TaBLE I-B-2-a

Staudinger Ecquation Constants from Flory's Data

Te!!!e ’O C . KXIOB IOE K — L X
20° 0080 ‘30099 OOSO
2A° 0.66 -3.178 0.52
300 O-S‘; ‘30255 005’4

The average molecular weight of the vorious batches

of SE-76 from the limiting viscosity at 26°C arc given below:

T4BLE I-B-2-b

average Molecular Weights from Viscometric Data

Batch No. f 5] MBK 26°C Molecular Weight
81339 0.820 840,000
B-59L46 0.760 730,000
8826 0.750 710,000
BX-2600 0.632 512,010
B-7155 0.615 183,000
11317(as rccd) 0.58L 433,000
Fractionatcd sample
11317(high fract) 0.715 6L 3,000
11317(medium " ) 0.568 L4,08,000
11317(low " ) 0,522 352,000

9b
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As ~iven in Table I-B-3, the average molecular t{qight of
various batches of SE-T6 varied from 433,000 to 8L0,000. Batch
number B-5946, with which most of our work in 1951 and early
1952 was carried out, had an average molecular weight of 730,000
while batch 11317 which was used during the latter part of 1952
has the lowes£ average molecular weight of 1,33,000. This is
about 50 percent lower and is a deliberate change in the polymer
to impart better plasticity or workability to silicone compounds.

There is no great variation in properties of a standard 15
volume Santocel C stock, cured with benzoyl peroxide, as the
molecular weight of the gum is changed. Zata are given in
Table I-B-3. Elongation and low hardness appear to be preserved
during high temperature cures in the lower molecular weight gum
to a better degree than with the higher molecular weight gum as
shown also in Table I-B-1 where higher molecular weight was

obtained by distilling off the volatile low molecular weight

fractions.

Press Curing Studies

1. Press Curing SE=L50 3tock

In 1951 we reported the results of a precss and oven curing
study of SE-L50 stock (formerly called General Electric 81223

stock). At that time it was found that the best tensile strength
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was obtained with a press cure of 15 minutes at 230°F, Furthermore, -
it was observed that lower compression get was obtained with a low
temperature press cure and a high temperature oven cure,

Press curing was recently extended to lower temperatures, between
200° and 230°F. to see whether an optimum in properties would occur in
this range. Data are fiven in Table I-C-1 and indicate that optimum
compression set is obtained with a Press cure of 200°-210°F. and a L8O°F,
oven cure. The higher tensile strength of the 210° press cure would
indicate this to be preferable from an overall standpoint,

2, Press Curing a Titanox Stock

A similar series of press cures were given to a L0 volume Titanox RANC
stock. Data in Teble I-C-2 show that here, as with SE-U450, a 104 tempera=
ture press cure leads to lower compression set values, However, this
stock is not as sensitive to variations in press curing as is the SE-450
campound. The improvement in compression set brought about by low tempera-
ture press curing may be ascribed to reduced depolymerization in the press

cauged by benzoic acid which has not had a chance to volatilize,

Pigment Prehesting Studies

1. Preheating Mic.ronex Carbon

It is well known that carbon blacks gensrally inhibit peroxide curing
of silicone rubber when present in sufficient amount to exert a reinforcing
astion. This effect is minimized with the curing agent tertiary butyl
perbensoate, with which weak cures in the Presence of carbon black may be

madeo,
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This iﬁhibition of curing is most probably due to a catalytic
decomposition or adsorptign of the peroxide on tﬁé highly active
surfacc.of the carbon black. This surface, in addition to ad-
sorbing polar organic molecules, has a considerable amount of
chemieally bound oxygen in th. form of carbonyl cemplexes which
may be acidic. These may be removed in part by heating at elevated
tomperatures in the a2bsence of air, The prehéating tachnique
consists of h:ating th milled pigment and gum before addition of
poroxida and curing.

In ordar to 3ee whither a carbon block so treated would show
less poisoning offect on prroxice, the experimonts in Table 1-D=l
were made., Vithnut preheéting a moderate degrec of cure was
cbtained with perbenzcatc (H = L49) but the reinfcrcoment was
poor (T = 87). No cwre was obtaincd with peroxide (H = 25, T = 27).
Using lMicronex prcheated 16 hours at LOOYF. and perbonzoate, a
bettar cure (4 = 52) and a curprising dcgrec of rcinforcement @ere
obtained (T = 250), “ith pernoxidec the curc and reinforcerncnt were
proportionately higher after preneating, but still wers not ox-~
tonsive. It thus appcare that carbon bl-ck cculd b usrd as a
roinforcin- £illsr for silicone rubber, if given a pretrecatment
w.iich would effectively deactivate or deacidify its surface.
32nzoyl peroxide weuld still not be as rnffective as tertiary butyl
parhsnzoate,

2. Pr-oacating Fine Titanium Zioxid:,

Sarpl:s of wltra-fine titanium dioxide, obtainod from the

National Load Company, show=d peroxide curcs-inhibiting propartics
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similar to those of carbon black., Preheating tests werc made on
one of thz samples, MP-561-6, in an atterpt to deactivate the
ifiller b->fcre addition of peroxide and cure., Results of a LSOCF,
prcneating are given in Table I-D-2 and show that this trzatment
had a slight improving effect on the cures at 20 tc 60 volune

loading.

13.
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II. REINFORCEMENT OF SILICONE RUBBER WITH GS199S SILICA.

Control Compounding and Oven Curing Data

A considerable amount of attention has been focused on com-
pounding with DuPont GS199S Silica because of its unusual pro-
perties and promise for the reinforcement of silicone rubber,

In the last quarterly report, No., 12, the initial work with
this pigment was reviewed. GS199S is a very finely divided
porous silica, containing an organic constituent as a coating.
This constituont is chemically bound and may be removed as
n-butyl alcohol. The coating oxidizes in air and is thus removed
between 200 and LOC®F. This pigment will not only reinforce
silicone rubber to a high degree, but will also impart cure to
the cnmpound, so that a2 strong slab may b2 formed from the gum and
pigment alone. Under optimum conditions, compounds of up to
1900 p.s.i. tensile strength with 850 per cent elongation were
produced.s The meehanism of curing has not yet been determinced
but is azsumed to be related to breakdewn of thz costing.

The major disadvantage of GS Silica compounds is that they
becomr overcured rapidly when subjectzd to temperatures over
LOO®F. and slowly at temperatures between 300 and LOO®F,., Sinca
silicone rubber compounds arz generally cxpected to withstand tem-
peratures up to 500°F., and as many of the specification tests
are carried out abovr 300°F,, ona of the outstanding properties of
silicone rubber is sacrificed when GE Silica is used in the compound.
The maximum useful teomperature of thcse compounds at present is
about 300°F.
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1. Press Curing Data

Variation of press curing temperature was carried out with

25 volume GS199S Silica stocks containing 0.5 and 2,0 percent

benzoyl peroxide. Low molecular weight gum, batch 11317 was

used. Data are given in Table II-A-l.. With 0,5 percent

peroxide, reinforcement was lowered as the press curing temperature
was raised. The same was true using 2 percent peroxide, as
indicated by the modulus data. These data are similar to those

of Table I-C-1 and I-C-2 and again suggest that peroxide

i

decomposition products are operative in depolymerizing the
SE-~76 in the presence of GS199S Silica. The 210°F. press
cured slabs had higher elongations and did not become quite

as hard at LBO°F. However, this improvement was not sufficient
to keep the UBO°F. cured slabs from becoming stiff and brittle
and therefore unsatisfactory.

2. Oven Curing Data

RO TR I RO o Lpnanil v
[

Table II-A-2 gives data on LOO and L8O°F. oven cures of
15 and 25 volume GS Silica stocks with varying benxzoyl peroxide.

The rerulsrly available lower molecular weight SE-76 siloxane

polymer (Batch Noel1l1317) was used.

The purpose of this series of tests was to determine high
temperature curing mroperties of the low molecular weight
polymer with GS Silica plus peroxide., Fifteen volume stocks
withstand LL hours at LOO®°F., without becoming brittle. However,
from the standpoint of tensile the 12 hour cures at LOO°F. were

| superior.

;____—-—_-__—_
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16.
With 25 volumes of GS Silica, the 12-hour cure at LOO°F. is
the only satisfactory one, and all properties suffer with
further curing., Other data ahdw that with benzoyl peroxide

present, the highest elongation and tensile are obtained in

.shert cures, 1 hour at 300 or LOO°F., these properties falling

off fairly rapidly with further curing, This is attributable
to the effect of the pigmeﬁf, the ultimate properties being
independent of the conecentration of benzoyl peroxide.

A further study of curing rate of GS Silica stocks is
shown in Table II-A-3. This is a curing study of 25 volume
GS 1998 Silica compounds, with no benzoyl peroxide, using the
available lower molecular weigh£ gum (Batch Noe11317)., Curing
temperatures were 300, 400, L50 and L80°F, with times from 1
to 96 hours. The data are represented graphically in Figure
II-A-3 for 300 and LOO®F. cures.

It is apparent that the reaction by which silicone rubber
is cured with GS199S Silica is much slower than that with
benzoyl peroxide, and the best stocks are obtained with a
cure limited by time and temperature below the point where
GS 199S Silica actively overcures. For highest strength an
extended oure at 3CO°F. is indicated. A cure of 6 hours at
LOG°F. appears to be approximately equal to one of 50 hours
at 300°F, Cures at 300°F, were not carried beyond 96 hours
for practical reasons, but it appears that the tensile strength

would continue to rise at a faster rate than elongation decreased




[

G

Rl 1t

for some time at this temperature. Evidence of further
curing activity at 300°F.obtained from the compression set
data obtained on tests run at this temperature. With 16 to

2Ly hours of curing at LOO°F. or & hours at L4SO°F. the stocks
have been sufficiently tightly cured that normal compression
set values for typical benzoyl peroxide cured silicone stocks
are obtained.(See Tables I-C-1l and I-C-2)., It should be
noted that the best compression sets occur only after the
elongation has deteriorated badly and stiffness has increased
greatly due to the extra oross-links set up.

3. Varying Molecular Weight Gum

The effect of polymer molecular weight of various batches
of SE-76 on stocks cured with benzoyl peroxide was discussed
previously (See Table I-B-3). It was found that there was no
clear difference in reinforcement in the range of molecular
weights from L00,000 to 800,000, and that properties varied
more with curing temperature in the high molecular weight region.
Overcuring is more likely with the high molecular weight gum.

With GS Silica reinforcement and cure, better tensile
strength is obtained with higher molecular weight polymer.
Data for these tests are given in Tables II-A-l, 5, and 6
in Fipure II-A-6.

We found (Report No.12) that tensile strengths of over
1000 p.s.i. could not be obtained with Batch No,11317 gum,

wheroas strengths of almost 2000 pe.s.i. had been obtained with

17.
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FIG. II-A-6
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molecular weight and led to evaluation of GS 199S Silica éuring

i
'i . Batch NoJ5546. This was traced to the 8ifference in average
‘ from this standpoint.

Table II-A-L gives data on a batch of the 11317 gum which
was separated By solvent precipitation into thrée different

molecular weight fractions, which averaged 350,000, 410,000 and"

640,000, Cures on the fractions show the highest tensile on
; the hirhest molecular weight fraction with little effect on
other physical properties except that the highest fraction
was also more stable at the LOO°F, curing temperatﬁre. -
Tables II-A-5 and II-A-6 contain data for a series of cures
with 15 and 25 volumes of GS Silice in five different batches
of SE-76. These batches were used as received, and their
| . average molecular weight determined by the viscosity method
as previously described (page 95). Average molecular weights
ranged from 430,000 for Batch No,11317 to 730,000 for Batch
No.B=59L6,
With 15 volumes of GS Silica (Table II-A-5, the best
i reinforcement occurred with Batch No+B-=55L6 of 730,000

molecular weight,

25 volumes of (S 19°S Silica, the data being given in Table II-A-6

\ All of the availesble batches of SE-76 were compounded with
‘ and Figure II-A=6, There are several interesting points evident

% from inspection cf the data and graph. There is a definite
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increase in tensile strength as molecular weight iﬁcreases,
i1.6., from 200 - 800 p.s.i. a£ 130,000 moleculsr weight to
1000 - 1750 p.s.i. at 700,000 molecular weight. This occurs
with either a 300° or LOO®PF. curs, although the result is

mére easily detected at the lower temperature of cure. This
accounts for the failure to produce high tensile GS 1995 Silica
atocks with the regularly available low molecular weight variety
of SE-76. Figure II-A-6 shows that as gum molecular weight
increases, the tensile strength 'plot shows the biggest increase
with a slight effect obgervable in elongation improvemenﬁ.
Other properties are not changed sppreciably.

These data show that SE-76 rubber, to be most effective

" in compounding with GS Silica, should be of asbout 700,000

average moleculer weight or more. This grade of polymer shows
better tensile strength than the presently favored, lower
viscosity type currently sold by the General Electric éompany.
It is recognized that softer, lower molecular weight gum is
éasier to mill and easier to "freshen" by milling after having
been mixed and aged.

19.
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Special Types of GS Silica,

At our request the DuPont Cormpany supplied other GS Silica
samples which had varying am~unts of the organic coating. Also,
a sample of larger particle size was included for evaluaticn.

The question had naturally arisen as to whether GS Silica
with less coating would effect a good cure, and if this were
the case, whether less conating would prevent overcuring at
temperatures above LOOCF.

Table II-B-1 gives physical properties of compcunds made
with these pigments in SEf76 gum at cures of 300°, LOO® and
LBOOF, Fifteen volume lnadings were used except with G3-2399-147
which could not be milled higher than 10 volume per cent. 1In
this experiment the control with regular GS199S5 Silica vielded a
maximum of U420 pe.s.i. tensile strength after a cure f 2L hours
nt 300°F. After 24 hours at LOO®F., elongation was reduced to
125 per cent but the stock withstood 6 hours curing at L809F,
GS-2399-1L7, of the same particle size but with no coatins, showed
slicht reinfrreement at 10 volume loading. The pigment surface
was so active that mere than 10 volumes could not be added. This
degree of rainforcement is similar te that cbtained with Sontocel C
with no curing agent; hence the conclusion is that nn curz was
exhibited by th;s sample of CS Zilica. The stock maintnined its
hardness at higher temperature cures, but the elongation dropped
below 25 per cent, With sample GS-2399-55B, having one-half ths
usual orranic o'ating, a tensile strength of 390 p.s.i. was

develcoped with a 300°F. cure; however, thz elongation was :nly 25
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21,
per cent. The high d'rometer of this cure indicates that the
optimum volume londing was probably sxceeded. Sample GS-2399-82C
had a full coating, but develcoped only 230 p.s.i. tensile strength,
considerably lower than that of the standard G51995. This is
probably due to a slight difference in particle size. TheTsample
wiich definitely had a larger particle size znd a full ceating
gave practically no reinforcement, showlng again the importance
of proper pigment size. The nther noteworthy point with this
compound was the fact that it becomes softer rather than harder
as the curing temperature was raised.

These compounds lend valunble information with regard Lo the
curing ~nd stiffening actiocn of GS Silica. With no crganic
coating, only 10 volumes cculd be milled into SE-76 with slight
reinforcement, and the stock did not become stiff 2s curing tem-
perature increased. ™ith one-half coating, 15 volumes could be
introduced to produce a very short, high durometer stock which
becare stiffer at nigher temperature cures. With 2 full coating
on the pirment and small particle size, good reinforcement with
high elongaticn was obtainad with 300°F. cures. These became
nbout as stiff as the cne-haif coated piiment at 40O and LBOCF,
Finally, the fully cocated large particle size GZ stock at the
same volume loading saowed no ceinforcement or cure and became
scfter ~s the curing temperature increased.

from our work on the pigment alcne, we know that the organic
coating on 45 Silica breaks down and comes off easily above LOOOF,

when heated in nir. This svidently occurs to some deprce in the
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same manner when the pigment is dispersed in St-76, so that the
coating is partially removed in the LOO®F. cure and to a much
greater extent in the LBOOF. cure. Stiffening. of the stock is .
not, however, caused by a chemical 2ction ¢f the ccating or its
decomposition products on the gum since the fully ccated large
particle size sample did not show this effect. The GS Silica
apparently becomes highly absorptive when the coating is removed
from its surface. If the amount of absorptive surface is high
(i.e, if the particle size of the pigment is small), the polymer
becrmes so extensively bound to the pigment that the resulting
system is not flexible.

It was of interest to compare the reinforcing action of GS
Silicas without coatings, with that of 2 silica such as Santocel C,
using a benzoyl peroxide cure. Table 1I-B-2 gives results with
GS-2399-147, supplied without coating, and with regular GS199S
whose coating was ccmpletely removed by heating to 600°F. These
samples could be milled to 10 volume leading only, and it is evident
that reinforcemt is not great at this concentratinn compared with
Santocel C. We have found by electron microscope observaticn that
GS Silica and Santocel C have ~bcut the same ultimate particle size.
The difference in reinforcement observed here may be dus to a
difference in porosity of the two silicas,

It was evident that the large particle size GS sample could
not be milled at higher cconcentrations than GS199S. Properti-s

of compounds up t-~ L7 vclume per cent loading are given in Table

II-B-3. Optimum .~inforcemant is cbtained at 20 vclume per cent;
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above this the pigment loading is too high. If this pigment were
similar to GS1993, and of larger particle size,‘qne would expect
its reinforcing action te approach that of GSl99S‘;t the proper

.
loading.
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C. Ireatment of GS-1993 Silica

It has been noted that surface moisture on pigments
has in some cases a considerable effect on reinforcement.
In generzal, ve have found that bone dry pigments are
more effective, and pigﬁent efficlency increases as it
is dried by heating, up to the point where a chemical
change or sintering taﬁes place, GS5-=1998 is markedly
hydrophobic to liquid water; however, it can probably
pick up a thin layer of vapor from the air, To check
this, GS-1993 silica was driod over Mg(QlOu)z, with a
resulting 1 per cent weight loss,

Data in Table II-C-1 shou that this amount
of moistur. groatly affocted tho reinforcing or curing
properties of the pigment, One difference is that the dried

GS~-1995 stock does not become stiff as rapidly at 4OO°F,

or 480°F, This would indicate an enhancing effect of

moisture on the rate of the GS-1993 Silica curing reaction.
Furpher compounds were made with GS-199S from which
part or all of the coating had been removed by heating
in air, Data in Table II-C-? on compounds made with
G3-1998 heated in air show that aftcr heating at 300%%,
with a 3 per cent veight loss, GS-199S lost much of its
reinforcing and curing aetion., This was completely
destroyed by further hoating at YOOOF and L8OCF,

Table 1I-C-3 gives cata for GS-~199S which was heated
in vacuun at 480°F, to a L ner cent velght loss, In
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this case, reinforcing and curing »roperties were
slightly enhanced by the heating, A difference between
heating to similar weight losses, in air and in vacuum,
is evident, The organie coating on GS-1993 is apparently
easily oxidized at 300-480°F, in air; thus, heating in
air probably causes a considerable destruction of the
original form of the coating with a measurable veight
reduction, resulting in loss of curing nroperties,
Heating in vacuum prevents this oxidgtibn and a one=-
third loss of the coating does not affect curing
properties greatly. The coating is evidently very
firmly bound to the silica, probably by chemical bonds,
Yet even the heated pigment continues to Possess curing
activity at 400 and 480°p,
D. High Temperature Compounding and uring of ¢S
Silica Stocks

The major deficiency in high tensile strength
silicone rubber as compounded with GS-199¢ Silica is
1ts poor heat resistance, A stock containing 15 or 25
volumes of GS-1993 Silica will cure well at 300°F,, and
maintain its »roperties at this temperature up to 100
hours plus, However, at LOOOF. the stock will gradu-
ally becore harder, while at the usual 480°F. curing
temperaticre for silicone rubbers it will rapidly become
brittle,

Table II-D-l zives data on the stability of 10
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26,
and 15 volume GS Stocks at 4B80°FP. Obviously, reduced
crosslinking should occur with a 10 volume loading.
However, at a 10 volume loading, reinforcement is initially
too low to be practical, and a good stock 1s not obtained
with 300°Fs curinge. It was considered possible, due to the
nature of the GS Silica curing action, that a low volume
stock such as thls might produce a good cure at higher
temperatures. However, this was found not to be the case.
Tensile strength and elongation both decrease with greater
than one hour at Y80°F. The stock retained 100 percent
elongation after 16 hours, however, so it did not become
brittle as do more highly loaded compoundse The initisal
tensile and elongation were not high e nough tndicating lack
of reinforcements With fifteen volumes of GS-1993, an
initial elongation of 300 percent is reduced to 50 percent
after 16 hours at 480°F., which places the stock in san
almost brittle conditione A 25 volume stock becomes
brittle after about 6 hours at this tempe rature.

l. Remilling GS Silica Stocks

It 1s well known that silicone stocks containing
silica pigments such as Santocel-C nsed to be remilled
after aging 24 hours in order to obtain optimum reinfcrce-~
ment. This 1is prosumably due to the fact that the silicone
polymer requires considerable timeo to be absorbed into the

porous sllica structure. Wwhen this process has been
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completed, a rather inflexible network is formed and
the compounded rubbepr will not flow in a press. Remil] -
ing softens the s tructure without destroying the effect-
iveness of the polymer-pigment bonds. It was postulated
t%at the high temperature stiffening properties of GS
Silica compounds might be lessened by such remilling,
ir this stiffening were due to polymer absorption on the
pigment curing curing.

Table II-D-2 gives data on remilled GS 1993 Silica
stocks of 15 to 35 volume loading. 1In all cases this
repeated remilling before curing lowered the durometer,
increased the elongation, and markedly increased the
tensile strength of these compounds when cured at L8oep,
The 480°F. cure of 9 hours glven to theee stocks is only
8 partlal cure; however the results are sufficiently
improved to indicate that this type of remilling would
stabilize GS 19938 stocks up to 25 volumes to withstand
a 24 hour cure at L4B80°F.

Further remilling experiments were done to s tudy
thls effect further. Dsta in Table II-D~3 show that
30-minute remilling, 24 to 48 houps after compounding,
definitely improves a 25 volume GS stock in short cures
at 4B80°F. It was thought that a preheating of the g§
stock &t some tamperature below the 300°p. curing
tampsrature night be advantageous. Compound 2270-3 was

remilled 30 minutes after being heoated 16 hours

<

?s
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at 200°F,, with some irprovement in témperature
stability, The same treatment of a 35 volume stock,
#2272-2, showed a lorge increase in tensile strength,
Prolonged (12 hours) curing at 430°F, overcame the
improvement itparted by remilling. .

It is concluded from these tests that one or two
remilling trestments are beneficial to GS 3ilica
stocks from all standpoints, and especially with
regard to their resistance tovard brittleness at 480°F,

2, Qurirg Technigues with GS 3ilica Stocks

With benzoyl peroxide cured silicone stocks, curing
is carried out in two stares, The first is a press
cure, in which the stock 1s molded under pressure arnd
heat, This is usually done for 15 mianutes at 230-250°F.,
which is sufficient to set the shape and complete the
peroxide curing reaction, Because the decomposition
products of the peroxide (i.e, benzoic acid) are
harmful, the remainder of the curing up to 480°F, is
carried out in an air circulating oven vhere this and
other volatile products are removed from the stock,
Since no peroxide is involved in the CS Silica curing
mechanism, it was of interest to try other curing
techniques,

Table II-D-4 gives data on short pressing times for
a standard 29 volume GS stock., Since the G5 Silica

curing action is nuch slo'er than that of peroxide,
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very litsle, aetual ouriﬁg takes place during a stane
dard 15 minute press cure at 230-250°F,, this step
being useful mainly to mold the stock, 95labs vere
thérefore given very short fimes in the press, removed
both hot and cold, and cured 16 hours at 400°F. in an
air oven, In addition, the stocks were remilled once
before molding. Results indicate that an orthodox
press cure is unnecessary vith GS stocks, that they
may be removed either hot or cold from the mold, and
the cure carried out in the oven entirely.

It vas also of interest to determine the effect of
extended mold cures, and higher temperature press cures
on GS stocks, Data for this type of curing with both
a standard 25 volume GS stock and a 15 volume Santocel-C,
2 percent benzoyl peroxide stock are given in Table
I1-D=-5, The necessity for air oven curing with
benzoyl peroxide is evident with compound number 2313=-2(A)
in which the 400°F, heating within an cenclosed mold
resulted in depolyvmerization of the rubber and no cure.
Likewise, a long cure in the press at 400C°F, caused
pertial depolymerization of this stock, and a resulting
hardness of only 19,

The GS silica stock likevise did not survive
extended eating in a mold, but became very brittle
instead of soft as was the case 'rith the peroxide stock.

The rcsult was a definite overcure by the GS silica. The
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reason for this is not known, bat it is evident that
the proper procedure for GS silica curing is an air
oven cure following short molding,

It has been shown previously (3ection II-A-3) that

silicone gum of a higher molecular weight polymer is

much more responsive to GS silica curing. It vas
postulated that the lower physical properties obtained
with the present SH-76 are due to the presence of too
much lov molecular weight polymer, Heating the gum
to drive this off before compourding did not prove
successful, Hovever, it might be possible to cure
partially, or cross-link this low molecular weight
material vith peroxide before the GS silica cure
begins, This idea was tried, and the results are
recorded in Table II-D-6,

1ith a short oven cure at 300°F., the highest ten-
slle @8 silica stock is obtained with 3,0 percent
benzoyl peroxide and a 300°p, press cure., For higher
temperature cures, the @45 percent peroxide stock 18 more
satisfactory. None of the compounds has improved
temperature resistance. The benzoyl p:=roxide
' effectga more rapid cure of the stock in the 250-3009F.
i range, and this is not impeded by the presence of
GS silica. Hovever, this initial cross-linking
still does not bring the low molecular weight SZ=-76

into the class of the higher molecular weigit mzterial
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for GS silica curing,
3. Plasticizing GS 199S Silica Stocks

Another serles of experingnts vere carried out to
test the utility of plasticizing GS silica-silicone
rubber stocks so that they would be flexibie after a
full cure at 450-500°F, It is possible to soften
silicone stocks to practically any degree uith com-
patible plasticizers, and some of these will remain
in the stock at the elevated temneratures desired here.

Data in Table II-D-=7 give rcsults using G.BE. 9996~
1000 silicone oil as a plasticizer. fhis 1s a "stopped"
oil of high viscosity, and is not appreciably volaztile
at 450°F, Five and 10 percent of this oil failed to
plasticize a 25 volume GS silica stock cured either
at 400°F, or WBO®F, The stocks are actually cured
harder than they would if the oil were not present,
The test vas carried'further using up to 20 nercent
silicone oil in a 15 volume GS stock. Durometer is
higher vith the oil-containing compounds in this case
also, This result seems to tie in with the observa-
tion that harder gum (higher molecular uecight)
stands curing at WOOOF, better than softer gum,

Anothcr silicone oil known as G-=2 vas tried as
a plasticizer because of its chemical »>roperties,
This oll was produced In owr laboratory by acid

depolymerizcotion of (GN9997-G silicone gum ard
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Subsequent stabilization with glycerol, G~2 0il has
a molecular veight of the order of 5000, and thus cone-
tains more active groups in the form of hydroxyl than
does regular silicone oil, It was postulated that
these hydroxyl grouns might absorb scme of the curing
activity of Gs silica, and thus render the stock more
stable thermally. Table I11-D-8 gives results of

cures using up to 20 nercent G-2 oil In a 15 volume

GS stock., 1In coripourd #2325 the o0il was first mixed
with the nigment at 25 volume loading., 1In no cage vas
any plasticizing action or increased high temperature
stability observed with these compositions, Agaln,
this 0il 1ike the Silicone o011l tended to produce a
more brittle stock,

Additional tests vere made using some of the
better hydrocarbon rubber plasticizers with a 25 volume
GS silica stock, These included phosphates, pathalates,
Schacates ard high molecular veight alcohols, Results
in Table II-D-9 indicate that these mterials, while
compatible with silicone rubber, have an adverse
effect on temperature resistance, 1In all cases brittle,
high durometer stocks were }ormed after curing at 400
arnd 480°F,

Another method that was tried in order to soften
highly cured GS silica stocks involved soaking the

cured siabs in benzene solutions of silicone oil ami
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gum, The solvent was fourdd to swell these tightly cured
slabs, allowing ths oil or gum to penctrate, Hovwever,
upon air or oven drying, the slabs cracked bgdly 2s
@hey shrgnk durinr solvent evaporation, Tests on some
of these slabs ae given in T:ble II-D-10, It was
apparent that these tightly cured stocks could th be
distended through solvent swelling without ruptufing
the structure,

It has been proposed (Neport #12) that the GS
silica curing action may sroceed through free radicgl
formation incuced as the coating breaks from the pigments,
If high tenperature overcuring is & result of too much
cross~linking due to high free radical concentraticn,
a free radical inhibitor might be expected to improve
this situation, A number of compounds of this tvie vere
added in 1 percent amounts to a standard 25 volume GS
silica batch; thelr effect on high temperature curing
properties is given in Trble 1I-D-1l, compounds 2329(1-k),
Physical properties vuere somevhat improved after a YOOCF,
cure, but curing at 4809F. mroduced slabs even more
brittle than those with no inhibitor,

Corpounds 2328(1-2) contained & small amouat of
stearic and benzolec acids respectively, to effect a
slight depolymerization of the zum during oven curing,
This might be cxpected to plasticize the stock effectively,
but the two slebs tested show tnt the oprnosite proved
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